A 'locally acting' IGF1 (insulin-like growth factor 1) isoform has been recently identified in the skeletal muscle and neural tissues where it accelerates injury repair. No information exist on the expression and function of IGF1 isoforms in the liver. We investigated IGF1 isoforms in rat hepatocytes and cholangiocytes and evaluated their involvement in cell proliferation or damage induced by experimental cholestasis (bile duct ligation, BDL) or hydrophobic bile salts. IGF1 isoforms were analyzed by real-time PCR by using b-actin as internal reference. In both hepatocytes and cholangiocytes, the 'locally acting' IGF1 isoform (XO6108) and 'circulating' IGF1 isoform (NM_178866) represented respectively 44 and 52% of the total IGF1. Basal mRNAs for both 'locally acting' and 'circulating' IGF1 isoforms were higher (Po0.05) in hepatocytes than cholangiocytes. After BDL for 3 h, the 'locally acting' IGF1 isoform decreased threefold (Po0.05) in hepatocytes but remained stable in cholangiocytes with respect to sham-controls. After 1 week of BDL, hepatocytes displayed a further fivefold decrease of 'locally acting' IGF1 mRNA. In contrast, cholangiocytes showed an eightfold increase of the 'locally acting' IGF1 mRNA. The effect of 3 h of BDL on IGF1 isoforms was reproduced in vitro by incubation with glycochenodeoxycholate (GCDC). The cytotoxic effects (inhibition of proliferation and induction of apoptosis) of GCDC on isolated cholangiocytes were more pronounced after selective silencing (SiRNA) of 'locally acting' than 'circulating' IGF1 isoform. Rat hepatocytes and cholangiocytes express the 'locally acting' IGF1 isoform, which decreased during cell damage and increased during cell proliferation. The 'locally acting' IGF1 was more active than the 'circulating' isoform in protecting cholangiocytes from GCDC-induced cytotoxicity. These findings indicate that, besides muscle and neural tissues, also in liver cells the 'locally acting' IGF1 isoform is important in modulating response to damage.
Insulin-like growth factor 1 (IGF1) is a circulating peptide hormone and locally acting growth factor with endocrine, paracrine and autocrine functions. [1] [2] [3] [4] The liver is the main source of circulating IGF1. [1] [2] [3] [4] The IGF1 produced by the liver is under control of GH (growth hormone) which, by acting on specific receptors, induces the synthesis and release of IGF1. [1] [2] [3] [4] Some evidence shows that signaling activated by IGF1 and IGF1 receptor (IGF1-R) is important in cell survival and prevention of apoptotic cell death and this was documented in different cell types (osteoblasts, 5 myeloma cells, 6 cardiac myoblasts, 7 neuroblastoma cells, 8 and different epithelia 9 ). The cellular effects of IGFI are mediated through binding to the IGF1-R although IGF binding proteins may modulate the action of IGF1 controlling the amount of free IGF1 that can bind to its receptor. [1] [2] [3] [4] 10 Binding of IGF1 to its receptor induces the stimulation of tyrosine kinase activity, autophosphorylation of tyrosine residues and other sites in the receptor and associated substrate proteins which, in turn, activate downstream signaling including the PI3K/AKT pathway, by which IGF1 prevents apoptosis and favors cell survival. evaluation of their functional role. [11] [12] [13] [14] [15] [16] Thus, a 'locally acting' IGF1 isoform has been recently identified in the skeletal muscle and neural tissues where it accelerates injury repair by modulating all the cellular processes (resistance against apoptosis, cellular proliferation, recruitment of resident stem cells, neoangiogenesis etc) underlying the reparative process. [11] [12] [13] [14] [15] [16] In all these processes, the 'locally acting' is much more active than the 'circulating' IGF1 isoform. As a consequence, strategies aimed to enhance the expression of 'locally acting' IGF1 isoform are under investigation as a therapeutic option for degenerative-dystrophic diseases of neural and muscle tissues and, indeed, experimental evidence suggests potential benefits. [17] [18] [19] [20] [21] [22] [23] [24] [25] [26] Although the liver is the main organ producing and secreting IGF1, no information exists on the expression and function of the different IGF1 isoforms. We have recently shown in experimental studies that the IGF1 system and its main signaling transduction pathway (PI3kinase/Akt) are activated and drive cholangiocyte proliferation and resistance against apoptosis in obstructive cholestasis induced by bile duct ligation (BDL) and in determining the in vitro resistance of hepatocytes and cholangiocytes against the cytotoxic effect of hydrophobic bile salts (BS). 27, 28 By continuing on the same topic, the aims of our study were to identify IGF1 isoforms in rat hepatocytes and cholangiocytes and to evaluate their differential involvement in cell proliferation or damage induced by experimental cholestasis.
MATERIALS AND METHODS
Male Wistar rats (125-150 g) were purchased from Charles River Italia (Calco, Italy) and fed ad libitum in a light-and temperature-controlled environment. The study protocols were in compliance with our institution's guidelines. Reagents were purchased from Sigma-Aldrich Chemical Co. (St Louis, MO, USA) unless otherwise indicated. Media and additives for cell culture were obtained from Gibco (BRL, Invitrogen Corporation) unless otherwise indicated. BDL was performed as previously described 27, 29 and hepatocytes or cholangiocytes were isolated after 3 h or 1 week of BDL.
In the sham-operated rats, abdominal incision was made without a ligation.
Isolation and Treatment of Cholangiocytes and Hepatocytes
Cholangiocytes were isolated by immunomagnetic separation as previously described 27, 29 with a viability 490% (trypan blue exclusion). The purity of cholangiocyte preparations was assessed by g-glutamyltransferase-positive staining (100% of isolated cells) and by the negativity of contaminant cell markers tested as previously described. 29 Hepatocytes were isolated, with a purity of 98% and a viability 490% (trypan blue exclusion) as previously described. 27, 29 Cholangiocytes were cultured in 3 ml of DMEM-F12 medium and hepatocytes were cultured in 3 ml of a-MEM medium. Media were added with 300 ml nonessential MEM, MEMvit, PenStrep, and L-Glutamine, 75 ml gentamicin and 25 ml trypsin inhibitor. In selected experiments, hepatocytes or cholangiocytes were incubated for 3 h, in the absence of serum and growth factors, with glycochenodeoxycholate (GCDC) (100 mM, 2 mM) and the IGF1 isoforms evaluated as described above.
Sample Storage and RNA Preparation A 30 mg piece of dissected tissue was immediately submerged in RNAlater stabilization solution (Ambion Inc., Austn, TX, USA). This sample was left 10 min at room temperature. Then, it was stored at À201C until RNA extraction. The tissue was removed from RNAlater and transferred into a clean Eppendorf tube where the total RNA was extracted by a silica membrane spin column procedure using the Nucleo Spin RNAII extraction kit (Macherey-Nagel, Düren, Germany). The isolated RNA was eluted in 50 ml of RNasefree water.
RNA quality and quantity was evaluated by the RNA 6000 Nano LabChip kit with the Agilent 2100 Bioanalyzer (Agilent Technologies, Waldbronn, Germany).
Reverse Transcription
An amount of 2.5 mg of total RNA was used for the RT reaction primed by the oligo (dT) 15 . This was conducted in a ml volume with a genetically engineered version of the M-MuLV reverse transcriptase (Expand Reverse Trancriptase, Roche Diagnostics GmbH, Mannheim, Germany) according to the manufacturer 0 s directions. The quality of cDNA produced, ie the length of the transcript and the lack of DNA contamination, was tested by PCR with the RNA/cDNA Inspector kit (Sigma-Aldrich) and the DNA1000 LabChip kit with the Agilent 2100 BioAnalyzer as described. 30, 31 Gene Expression The primers for amplifying the different transcripts of the IGF1 murine gene were designed with a commercial software (DNASIS, Ver. 2.5-Hitachi Software Engineering Co., France) using the mRNA sequences reported in a public database (http://www.ncbi.nlm.nih.gov/Entrez/). The oligo sequences were also submitted to a BLAST search (http:// www.ncbi.nlm.nih.gov/blast/) in order to verify the lack of annealing with incorrect targets. Finally, each primer pair was tested under standard PCR amplification conditions with a cDNA template from liver of control animals and the Bioanalyzer in order to verify the formation of the correct amplification products (not shown).
The primer pairs for amplifying three different types of IGF1 transcripts (ie the total of IGF1 messengers, the circulating and the locally acting IGF1 species) and the b-actin, used as the endogenous reference gene, are reported in Table 1 .
The different types of messengers were determined by real-time PCR using the MX3000P quantitative PCR system (Stratagene, La Jolla, CA, USA). Amplifications were conducted into a total volume of 25 ml, with 1.0 ml of cDNA template, 12.5 ml of 2 Â Brilliant SYBR Green QPCR Master Mix (Stratagene), 3 pmoles each of upstream and downstream primer for the gene analyzed, and 0.3 ml of diluted reference dye (ROX at a final concentration 30 nM). All real-time PCR amplifications were conducted with the following cycling program: 10 min at 951C followed by 40 cycles (30 s at 951C, 30 s at 571C, 1 min at 721C). The fluorescence detection was performed during the extension step of each cycle.
The copy numbers of the different messengers amplified by each primer pair reported in Table 1 were determined by comparing the threshold cycle (C t ) values measured in a specific cDNA preparation with the calibration curves C t vs. template amount obtained with standard solutions of the messengers. These standard solutions were prepared by amplifying control liver cDNAs with the above described primer pairs and the Platinum Taq Polymerase (Invitrogen srl, S Giuliano Milanese, Italy). Thereafter, each type of amplification product was purified by silica gel cartridges (GenElut, Supelco Inc., Bellefonte, PA, USA) and finally controlled, both qualitatively and quantitatively, by microchip electrophoresis with the Agilent Bioanalyzer. These calibrated solutions were used for preparing the scalar dilutions (within the range 10 2 -10 7 per ml copies of the target) required for the real-time PCR determinations. The software used in the MX3000P instrument allowed verifying both linearity and efficiency of the amplification curve. Also, it turned the normalized C t value into a copy number of each target. Each sample was analyzed in triplicate. The copy numbers of local and circulating species were normalized in each cDNA sample by calculating their percentage with respect to the copy number of total IGF1. The missing complement to 100% was attributed to minor messenger species.
Sequence analyses of IGF1 isoforms in rat liver cells showed a complete homology with the sequence reported in the Entrez genomic database (http://www.ncbi.nlm.nih.gov/ Entrez/).
SILENCING
For IGF1 silencing, isolated cholangiocytes were cultured overnight in DMEM-F12 medium added with 300 ml nonessential MEM, MEMvit, PenStrep, L-glutammine, 75 ml gentamicin, 25 ml trypsin inhibitor, fetal calf serum (1 ml/ 30 ml medium), the specific SiRNA (1 ml/ml medium) in ACQUA milliQ (stock 50 mM) and directed against exon 3 of IGF1 mRNA (Silencert Pre-Designed siRNA; annealed, 20 nmol of standard purity) and the lipidic vector (Si-Port NeoFX; 1 ml/ml medium; Ambion Europe, United Kingdom). After overnight incubation with SiRNA for IGF1 and the lipidic vector, cholangiocytes were treated for 3 h with 2 mM GCDC or TCDC and mRNA for IGF1 isoforms, apoptosis and proliferation evaluated as described. To exclude nonspecific effects of IGF1-SiRNA, scrambled SiRNA of the same size (silencer negative control) was also used in selected experiments. For total IGF1 silencing, isolated cholangiocytes were treated overnight, as described in the data sheet, with 50 mM of small interfering RNA (plus lipid carrier), against exon number 3 of total mRNA for the IGF1 protein (catalog no. 16704, Silencert Pre-Designed siRNA; annealed, 20 nMol of standard purity; si PORTt neoFXt AMBION). For silencing specific IGF1 isoforms, following the AMBION web site direction, we designed siRNA against the specific mRNA of 'locally acting' and 'circulating' IGF1 as follows: circulating IGF1: sense: GGGAAAGGAGCUGCCACUUGtt; antisense: CAAGUGGCAGCUCCUUCCCtt; 'locally acting' IGF1: sense: GGAAGCUGCAAAGGAGAAGtt; antisense: CUUCUCCUUUGCAGCUUCCtt. Cells were treated, as above, with 50 mM of SiRNA plus lipid carrier. After 14-16 h of incubation with specific SiRNA, cells were treated for 3 h with GCDC 2 mM and apoptosis or proliferation evaluated as described. In control experiments, cholangiocytes were incubated with scrambled SiRNA of the same size.
Proliferation and Apoptosis
Cell proliferation was assessed, as previously described, by both [
3 H]-thymidine incorporation into DNA and western ]-thymidine continued for 2 h, corresponding to the last 2 h of treatment with GCDC. Cell extraction and radioactivity measurement were performed as described. [27] [28] [29] Apoptosis was evaluated by both caspase 3 activity and Annexin V staining. For caspase 3 we used a colorimetric assay kit (Sigma-Aldrich), based on the hydrolysis of the peptide substrate acetyl-Asp-Glu-Val-Asp p-nitroanilide (Ac-DEVD-pNA) by caspase 3, resulting in the release of the p-nitroaniline (pNA). For this assay, cells were lyzed in the appropriate lysis buffer provided by the vendor (50 mM HEPES, pH 7.4, 5 mM CHAPS, 5 mM DTT). The concentration of the pNA released from the substrate is calculated from the absorbance values at 405 nm. Caspase 3 activity resulting from the measured concentration of pNA was expressed as percentage changes with respect to controls. Annexin V staining, a specific marker of early-stage apoptosis, 32 was carried out, as previously described, 28 by using a commercial kit (Boehringer Mannheim GmBH, Mannheim, Germany) according to the manufacturer's instructions. Findings were expressed as the number of annexin V-positive cells per 100 counted cholangiocytes (at least 500 cholangiocytes counted for each determination).
Western Blot Analyses
For western blot analysis, after each treatment, cells were harvested, washed with PBS and homogenized by sonicating in lysis buffer (15 mM Tris-HCl, pH 7.4, 5 mM EDTA, 100 mM NaCl, Igepal 1%, 2 mM phenyl methyl sulfonyl fluoride, 2 mM benzamidine and 1% aprotinin) on ice for 30-60 s. After centrifugation at 14 000 g for 60 s at 41C, the supernatant was recovered and protein concentration was determined with the Bio-Rad Protein Assay-Dye Reagent (Bio-Rad Laboratories GmbH, Germany). Cell extracts (20 mg) were diluted in 6 Â Laemly sample buffer (100 mM Tris-HCl, pH 6.8, 20% glycerol, 4% SDS, 5% 2-mercaptoethanol, 0.1% bromophenol blue) and resolved by 10% SDS-polyacrylamide gel electrophoresis. Western blotting was performed as described 10-15 by using the following primary antibodies (Santa Cruz Biotechnology, Santa Cruz, CA, USA): (1) anti-PCNA, specific mouse monoclonal antibody (1:300 dilution) and (2) anti-IGF1, rabbit polyclonal antibody (1:100 dilution).
The carrier of 17b-estradiol (ie DMSO) and of Ici182,780 (ie ethanol) showed no effect (1:10 000 dilution) on MTS proliferation assay (n ¼ 6) nor on [ 3 H]-thymidine incorporation into DNA (n ¼ 6) of LCDE cells compared with controls in the absence of these two additives.
Statistical Analysis
Data are presented as arithmetic mean±s.e.m. Statistical analysis was conducted using the paired or unpaired Student's t-test as appropriate or the analysis of the variance (ANOVA) when multiple comparisons were performed.
RESULTS
Isolated rat hepatocytes and cholangiocytes expressed similar proportions of the two major IGF1 isoforms (ie 'circulating' and 'locally acting') plus relative rare messengers classified as 'other species' ( Table 2 ). In particular, the sequence amplified by the FEX1-REX1 primer pair (182 bp) corresponded (sequence analysis) to the 'locally acting' IGF1 isoform (XO6108) and represented approximately 44% of the total IGF1 mRNA in both hepatocytes and cholangiocytes ( Table 2 ). The sequence amplified by the FEX2-REX3 primer (121 bp) corresponded (sequence analysis) to the secretory and 'circulating' IGF1 isoform (NM_178866) and represented approximately 53% of the total IGF1 mRNA ( Table 2 ). The other isoforms represented less than 3.5% of total IGF1 mRNA ( Table 2) .
In sham-operated controls, the normalized value of total IGF1 mRNA (ie the ratio of copy numbers total IGF1/ b-actin) was significantly higher in normal rat hepatocytes than cholangiocytes (Tables 3 and 4 ; Po0.05). Also mRNAs of both 'locally acting' (XO6108) and 'circulating' IGF1 isoforms (NM_178866) were significantly higher in hepatocytes (Tables 3 and 4 ; Po0.05). After 3 h of BDL, total IGF1 decreased more than 50% in hepatocytes with respect to 3 h sham-operated controls (Table 3 ) and this was caused by a 75% decrease of 'locally acting' (XO6108) isoform, whereas the circulating IGF1 isoform (NM_178866) was not significantly modified (Table 3 ). In cholangiocytes, instead, total IGF1 mRNA and the two isoforms NM_178866 and XO6108 remained almost stable after 3 h of BDL with respect to cholangiocytes isolated from sham-operated controls (Table 4) . After 1 week of BDL, mRNAs for total IGF1, NM_178866 and XO6108 isoforms in hepatocytes further declined with a relatively more prominent decrease of the 'locally acting' XO6108 (81% decrease) with respect to the circulating (44% decrease) isoform (Table 3 ). In cholangiocytes, in contrast, after 1 week of BDL, total IGF1 mRNA and the two isoforms NM_178866 and XO6108 were markedly increased over sham-operated controls (Table 4 ; Po0.01) with a major contribution of the circulating (1215% increase) with respect to the 'locally acting' (733% increase) isoform (Table 4) . Similar to what had been observed after 3 h of BDL, the in vitro incubation of rat hepatocytes with 100 mM GCDC determined a 310% decrease of the 'locally acting' XO6108 isoform and a 60% decrease of the 'circulating' NM_178866 isoform. In cholangiocytes, in contrast, incubation with 2 mM GCDC for 3 h failed to induce significant changes of IGF1 isoform mRNA (Figure 1 ).
Effect of Specific IGF1 Isoform Silencing on GCDCInduced Apoptosis or Proliferation in Isolated Rat Cholangiocytes
As evaluated by western blot analysis, overnight incubation with SiRNA for the 'locally acting' or 'circulating' IGF1 isoform induced an approximate 45% decrease of total IGF1 protein level in cholangiocytes with respect to controls incubated with scrambled SiRNA (Figure 2 ; n ¼ 3, Po0.01).
To evaluate the effect of specific IGF1 isoform silencing on GCDC-induced changes in apoptosis/proliferation, isolated rat cholangiocytes were incubated overnight with specific SiRNAs for the 'locally acting' or 'circulating' IGF1 isoforms. Thereafter, the effects of 2 mM GCDC (3 h incubation) were evaluated. Figure 1 shows how the overnight incubation with SiRNA for 'locally acting' or 'circulating' IGF1 isoforms induced an inhibition of proliferation (decreased PCNA expression and [ 3 H]-thymidine incorporation) that was significantly more pronounced for the 'locally acting' with respect to the 'circulating' isoform (Po0.05, n ¼ 6; Figures 3a  and b) . When isolated control cholangiocytes, incubated Figure 1 Effect of GCDC on the expression of mRNAs for 'locally acting' and 'circulating' IGF1 isoforms in isolated rat hepatocytes and cholangiocytes. Isolated rat hepatocytes and cholangiocytes were incubated for 3 h with 100 mM or 2 mM GCDC respectively. The expression of 'locally acting' and 'circulating' IGF1 isoform was evaluated by real-time PCR (n copies/b-actin) and expressed as percent changes vs controls. In hepatocytes, GCDC determined a 310% decrease of the local XO6108 isoform and a 60% decrease of circulating NM_178866 isoform. In cholangiocytes, however, incubation with 2 mM GCDC for 3 h failed to induce significant changes of IGF1 isoform mRNA. Mean±s.e. from five independent experiments. *Po0.01 vs controls. 
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overnight with scrambled IGF1 SRNA, were exposed to 2 mM GCDC, proliferation was inhibited by approximately 25% (Figures 3a and b ; n ¼ 6). The GCDC-induced inhibition of proliferation (decreased PCNA and [ 3 H]-thymidine incorporation) was significantly more pronounced (Po0.05, n ¼ 6) in cholangiocytes silenced for the 'locally acting' IGF1 isoform (À33%, PCNA) compared with the 'circulating' IGF1 isoform (À48%, PCNA) ( Figure 3) .
As far as GCDC-induced apoptosis is concerned, overnight incubation with SiRNA for 'locally acting' or 'circulating' IGF1 isoforms, induced an increase of apoptosis (caspase 3) that was significantly higher for the 'locally acting' isoform (Po0.05, n ¼ 6; Figure 4a ). When control-isolated cholangiocytes incubated overnight with scrambled IGF1 SRNA, were exposed to 2 mM GCDC, apoptosis (caspase 3) was enhanced by 37% (Figure 4a ; n ¼ 6). The GCDC-induced activation of apoptosis was slightly enhanced in cholangiocytes silenced for the 'circulating' IGF1 isoform (47%, Po0.05 vs GCDC alone, n ¼ 6) but markedly increased in cholangiocytes silenced for the 'locally acting' IGF1 isoform (83%, n ¼ 6; Figure 4a ). Results obtained by evaluating caspase 3 activity were confirmed by counting the number of annexin V-positive cholangiocytes. In fact, overnight incubation with SIRNA for 'locally acting' and 'circulating' IGF1 isoforms induced an increase in the number of annexin V-positive cholangiocytes, which was significantly higher (Po0.05, n ¼ 10; Figure 4b ) for the 'locally acting' isoform. GCDC induced an increase of annexin V positivity in cholangiocytes silenced for the 'locally acting' IGF1 isoform which was markedly higher with respect to cholangiocytes silenced for the 'circulating' IGF1 isoform (Po0.05, n ¼ 10; Figure 4b ).
These findings altogether indicate that the 'locally acting' IGF1 isoform is more active than the 'circulating' isoform in promoting a defensive mechanism against CCDC-induced inhibition of proliferation and activation of apoptosis in isolated rat cholangiocytes.
DISCUSSION
The main findings of this study demonstrate that: (1) mRNAs for either 'locally acting' and 'circulating' IGF1 isoforms are expressed both in hepatocytes and cholangiocytes; (2) after 3 h of BDL, total IGF1 decrease more than 50% in hepatocytes mainly due to a 72% reduction of 'locally acting' (XO6108) isoform, whereas the circulating IGF1 isoform (NM_178866) was unchanged. In cholangiocytes, however, total IGF1 mRNA and the two isoforms remained almost stable after 3 h of BDL; (3) the effect of 3 h of BDL on IGF1 isoforms was reproduced in vitro by the incubation of hepatocytes and cholangiocytes with GCDC; (4) after 1 week of BDL, mRNAs for total IGF1, 'locally acting' and 'circulating' isoforms in hepatocytes further declined with a relatively more prominent decrease of the 'locally acting' isoform; (5) in cholangiocytes, in contrast, after 1 week of BDL, total IGF1 mRNA and the two isoforms were markedly increased; (6) selective silencing of IGF1 isoforms in isolated cholangiocytes enhanced the inhibitory effects of GCDC on proliferation and the induction of apoptosis with a more pronounced effect observed after silencing of the 'locally acting' than the 'circulating' isoform. These findings altogether indicate that, other than in muscle and neural tissues, the 'locally acting' IGF1 isoform may be important in modulating proliferation and resistance against cholestatic injury also in liver cells.
A bulk of recent literature deals with the identification of different IGF1 isoforms and on the evaluation of their functional role in different tissue. 11, 26 The IGF1 isoforms derive from alternative splicing of the primary trascripts of the gene (localized in 7q12-q13 of the murine genome). 11, 26 Current interest for the IGF1 isoforms derives from research in the fields of muscle and nervous system, which synthesize tissue-specific IGF1 isoforms acting only locally with autocrine/paracrine mechanisms and playing a major role in injury repair. 11, 26 The 'locally acting' IGF1 isoform, in fact, modulates all the cellular processes (apoptosis resistance, cellular proliferation, resident stem cell recruitment, neoangiogenesis, etc), underlying the reparative process. 11, 26 In addition, transgenic mice producing high levels of the 'locally acting' IGF1 isoform are extremely resistant to the injury and strategies of infusion of this isoform play a trophic effect, thus suggesting potential applications in degenerative and dystrophic pathologies of nervous and muscle tissue (amyotrophic lateral sclerosis, dementia, muscle dystrophies, dilatative cardiomiopathies, muscle degenerative diseases). [16] [17] [18] [19] [20] [21] [22] These therapeutic strategies have already been applied successfully in experimental models of muscle and nerve damage, including dystrophic/degenerative muscle diseases, lateral amyotrophic sclerosis and experimental stroke. [17] [18] [19] [20] [21] [22] [23] In fact, overexpression of IGF1 in muscle protects against age-related sarcopenia 24 and similar findings have been obtained in retinal and bone tissue. 25, 26 In all these investigations, the 'locally acting' IGF1 isoform resulted 5-10 times more active than the 'circulating' or systemic IGF1 isoform that is secreted by the liver.
Although 90% of circulating IGF1 originates in the liver under GH control, [1] [2] [3] [4] nothing is known about the expression of the IGF1 isoforms in the hepatocytes and cholangiocytes. Experimental studies have been performed by focusing only on total IGF1. In cirrhotic rats, administration of low-dose recombinant IGF-I improved hepatocellular function, portal hypertension and liver fibrosis other than cirrhosis-related extrahepatic clinical manifestations by improving food efficiency, muscle and bone mass, gonadal and intestinal function and structure. [33] [34] [35] [36] Finally, a recent study indicates reversal of experimental cirrhosis induced by IGF1 administration in the rat. 37 In the light of this experimental evidence, a first pilot clinical trial in a small number of cirrhotic patients showed increased serum albumin and improved energy metabolism as a result of IGF1 administration. 38 With this background, we investigated the expression of IGF1 isoform mRNAs in isolated rat hepatocytes and cholangiocytes. Pure preparations of hepatocytes and cholangiocytes were used and the real-time PCR analyses showed the expression of at least three different isoforms. However, the 'circulating' and 'locally acting' isoforms altogether represented more than 95% of the total. Unfortunately investigation into the protein expression of the two major isoforms is not currently possible mainly because of the unavailability of specific antibodies for immunoblotting or immunohistochemistry. We next focused on these two isoforms and on their changes in the BDL model of experimental cholestasis where hepatocytes and cholangiocytes differently react to damage. The BDL experimental model of cholestasis has been widely investigated by a huge number of studies performed by us [27] [28] [29] 39 and other groups [40] [41] [42] [43] [44] [45] [46] and Figure 4 Effect of IGF1 isoform selective silencing on GCDC-induced apoptotis in isolated cholangiocytes. (a) Caspase 3 activity (% increase with respect to controls) in cholangiocytes incubated overnight with SiRNA (see 'Materials and Methods') specific for 'locally acting' or 'circulating' IGF1 isoforms and then with 2 mM GCDC for 3 h. Caspase 3 activity was expressed as percent changes with respect to controls. Overnight incubation with SIRNA for 'locally acting' and 'circulating' IGF1 isoforms induced an increase of apoptosis which was significantly higher for the 'locally acting' isoform. GCDC induced an increase of caspase 3 activity in cholangiocytes silenced for the 'locally acting' IGF1 isoform, which was markedly higher with respect to cholangiocytes silenced for the 'circulating' IGF1 isoform. Data are mean±s.e. of n ¼ 6. *Po0.05 vs controls; & Po0.05 vs C-SiRNA or C-SiRNA þ GCDC. (b) Annexin V: overnight incubation with SIRNA for 'locally acting' and 'circulating' IGF1 isoforms induced an increase in the number of annexin V-positive cholangiocytes, which was significantly higher for the 'locally acting' isoform. GCDC induced an increase of annexin V positivity in cholangiocytes silenced for the 'locally acting' IGF1 isoform, which was markedly higher with respect to cholangiocytes silenced for the 'circulating' IGF1 isoform. Data are mean±s.e. of n ¼ 10. *Po0.05 vs controls; the effects on hepatocytes and cholangiocytes accurately defined. We investigated two different time points after BDL; short-term (3 h) BDL, where hepatocytes and cholangiocytes do not proliferate but are damaged by the increased bile pressure and accumulation of BS, 43, 44 and prolonged BDL (1 week) where hepatocytes underwent apoptotic damage with proliferation occurring in a minor percentage of cells, whereas, in contrast, cholangiocytes underwent massive and typical proliferation. [27] [28] [29] [39] [40] [41] [42] [43] [44] [45] [46] Recent studies have demonstrated that few hours of BDL are sufficient to induce liver damage and to promote the increase in growth factor (defensive response). 43, 44 In addition, the present and our previous study 28 indicated how, in vitro, hydrophobic BS induce, after only 3 h, apoptotic damage and impairment of the IGF1 system in isolated hepatocytes and cholangiocytes.
In this study, we demonstrated that after 3 h of BDL (but not after sham operation), total IGF1 and mainly the 'locally acting' isoform was significantly decreased in hepatocytes, whereas in cholangiocytes, in contrast, total IGF1 mRNA and the two isoforms remained almost stable. BS accumulation is currently considered the main mechanism of cell damage in obstructive cholestasis 46 and, as a consequence, we investigated whether the effect of short-term BDL could have been reproduced by in vitro incubation of hepatocytes and cholangiocytes with GCDC, a main hydrophobic BS. Indeed, we showed almost similar changes of IGF1 isoforms after in vitro incubation with GCDC than after 3 h BDL. Therefore, it is conceivable that acute cholestatic damage induces impairment of the IGF1 system in hepatic cells which was, however, much more evident in hepatocytes than cholangiocytes. This is consistent with a protective role of the IGF1 system against the cytotoxic effect of hydrophobic BS and, in keeping, to this regard cholangiocytes are much more resistant than hepatocytes. 28 After 1 week of BDL, while hepatocytes still showed apoptotic damage and proliferation occurred only in a minor percentage of cells, cholangiocytes markedly proliferate. [27] [28] [29] [39] [40] [41] [42] [43] [44] [45] [46] [47] [48] [49] Consistent with our hypothesis that the IGF system and mainly the 'locally acting' isoform is involved in modulating proliferation, mRNA for this isoform markedly decreased in hepatocytes whereas, the opposite was found in cholangiocytes in association with their typical proliferation.
In a previous in vitro study, we demonstrated that the IGF1 system is involved in defending hepatocytes and cholangiocytes against the cytotoxic effects of hydrophobic BS. 28 In fact, in both rat hepatocytes and cholangiocytes, the IGF1-R blocker or silencing of total IGF1 markedly enhanced GCDCinduced apoptosis. In the present study, to further support findings obtained in BDL rats, the role of the 'locally acting' isoform in modulating cholangiocyte resistance against BS cytotoxicity was definitively investigated by using specific SiRNA able to induce a selective silencing of IGF1 isoforms. That this technique was really effective was demonstrated by the significant decrease of total IGF1 protein level. In our conditions, cholangiocytes silenced for the 'locally acting' IGF1 isoform showed a higher sensitivity to the cytotoxic effects of GCDC, as the inhibitory effects of GCDC on proliferation and the induction of apoptosis was more pronounced with respect to the 'circulating' isoform. Interestingly, reduced PCNA in GCDC/SiRNA-treated cells appears to be equal to the effects of GCDC treatment alone plus the effect of SiRNA treatment alone suggesting an additive effect of the two compounds. Unfortunately, selective silencing IGF1 isoforms was not possible in hepatocytes as primary culture of these cells have short-term survival.
In conclusion, our findings altogether indicate that, other than in muscle and neural tissues, the 'locally acting' IGF1 isoform may be important in modulating proliferation and response to damage also in liver cells. This should stimulate genic or pharmacologic strategies focused at enhancing the expression of 'locally acting' IGF1 isoform in liver cells as therapeutic options in cholestatic liver diseases where the cytotoxic effects of accumulating BS is a major cause of liver damage and disease progression.
